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The present invention relates to a distributee computer system and relates particularly, but not 
exclusively, to a multimeaia Distributed object-based conference system. 

The object-based aooroach to system development «s becoming wen-established. The basic idea is to 
program :he system m terms of software objects, each having its own data and methods for operating on 
the cata. Objects intercommunicate by means of messages. An advantage m encapsulating oata and 
metnods m tn.s way is that the resulting system * relatively easy to maintain and develop. An example <s 
NewWave Man (produced and sold by Hewlett-Packard which .s an object-based electronic mail applica- 
tions program ,n which messages anc message components, such as text, distribution lists, etc. are treated 
as coiects. 

An object can be regarded as a discrete entity wmch can individually be moved, copied, destroyed, etc. 
An object is initially some data stored on disc or other medium, if oo.ect management software w.snes to 
cass a message to .t. one or more processes will be initiated wn.ch read the data as part of initialization. If 
an ooject .s fully defined by its oata and has no processes associated with .t. it is said to be "inactive" if an 
object has one or more processes associated with a and •« defined by the state of that process or 
processes and data then it is said to be "active". 

A distributed object based system is one .n which several workstations are interconnected over a 
network ana messages between objects of the system can be sent over the network. Objects themselves 
may also be transmissible over the network. A network may comprise several interconnected intelligent 
workstations or a central computer connected to several terminals 'workstations) or several interconnected 
server machines with intelligent workstations connected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to ail of these possibilities. 

in a distnouted object based system there are benefits m splitting sharable semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example, m 
the context of a distributed conferencing system a whiteboard object would have a semantic part defining 
the state of the object and a. presentation part for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
v.ew.ng the whiteboard object so that they can each mane contributions in a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement with semantic object parts stored on 
server machines and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present invention we provide an object based distributed computer system comprising 
a network of workstations and means for transmitting objects between workstations characterized by objects 
including a first object type for storing data and a second object type for presenting data to a user, wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the first type, composing means for transm.tting an object of 
the second type between workstations thereby to create a reference to the associated object of the first 
type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous working or for the purpose of participating m a joint 
activity. 

in the embodiment to be described, the system comprises means for copying an object of the second 
type between workstations. In that embodiment transmuted objects of the second type include an identifier 
for ;he associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein obiects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
.nvention also prov.des a method of convening a meeting using such a system comprising transmitting an 
obiect of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an object of the second type. 

it is beheved that poor communications are a major cause of the poor performance of distributed teams 
of oeople working on a given project. The present invention advantageously provides an improved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
reference to the accompanying drawings m which- 

Figure i is a diagram of a distributed system according to the present invention: 
Figure 2 shows the major components of a server and workstation of the system: 
Figure 3 snows a voice and data network structure: 
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windows. 

A possible video network is shown m Figure 5 The video network i« based on a central video switch 54 
connected using a star topology to client workstations C Video signals are modulated on to VHF earners 
arc transmitted over standard analogue cabling 56. The video switcn 5-1 is a conventional cable television 
s switch. Several sucn switches can oe cascaced in a bar arrangement for large systems. 

For long distance video communications, a device 58 for :omcessing and decompressing vioeo 
signals fa 'cocec 'i may be used and the signals are transmitted using ISDN teiepncne lines. 

The architecture of cne obiect-based system to will now be described. 

With reference to Figure 6. the structure of one user's oornon of the system is represented. The 
■ <? functions of <he obiects are as follows: 

a Venue object {V) is an electronic meeting olace allowing control over media channels and providing a 
location for storing shared obiects. A user may have several Venue obiects: 

a Phone 8ootn object (PB) controls the creation of Venue obiects and oversees the setting uo. 
maintenance and closing down of conferences. The P8 comprises a processor for handling incoming and 
*s outgoing calls: 

a Connection Manager object fCMi controls driver components iO- ... D„) which handle media 
connections for the system 10: 

a Directory object (D) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
?c whiteboard function. 

Figure 6 <s a conceotual representation of the system 10 and the arrows represent inter-object 
communication, in the embodiment being described, the system comprises client workstations C and 
servers S ana most of the obiects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 
?s The server objects handle the centralized and distribution - oriented aspects whereas the client obiects 
handle the presentation aspects. Hence snared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. P8-s means a Phone Booth server object and P6-c means a Phone Booth client object, 
and so on. 

10 In this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave obiects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs on MS-DOS NewWave client workstations. 

The client workstations are each running an object-based system of the type described in European 
2$ Patent Application No339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached' Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
^ objects can be copied. During a copy operation, the container of the ooiect to be copied sends a message 
to the OMF28 asking the OMF28 to copy the relevant obiect and identifying the container object which is to 
~o receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooject as one of its child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
js information about its properties and its child objects. 

Server objects are not linked by parent-child links *n the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 8 shows the form of aata item 
60 used to name objects. The data item 60 is an eight-byte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M i D comprising a 32 bit server IP address 
50 ana a 32 bit machine IP address. For a server object the server IP address and the machine IP aadress will 
be the same whereas for a client obi ct these will be afferent, if there is only one domain per machine, the 
domain identifier 0 1.0 is 2ero. The object identifier O I 0 comprises a 32 bit generation count and a 16 bit 
tag. The 16 bit tag umouely identifies the object within the relevant storage domain. Since tags are reusable 
when an obiect is deleted a generation count is used to ensure that each object is uniquely-named m time. 
$5 The generation count is simply the time m seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the icon Opening a client object causes it io sena a message to its associated server 
obiect informing the server ooiect that the client object is now active i.e a Here Am I messag . Until then. 
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Figure 4 shews video facilities for a client workstation. 

Figure 5 snows a video network structure: 

Figure 5 illustrates :he mam objects m the system 

Figure 7 .llustrates the functionally split nature <., :ne ,- c , ec , £ ,„ [f]Q 

ngure 8 snows the ma,or components cl the system infrastructure- 

•-igure 9 shows a typical Venue: 

Figure 10 shows a CoMedian airectory: 

Figures j i • u mustrate message sequences .'or sy stem operations- 
ngures 15-27 show screens dur.ng a typical user se«,o n 
The mam components of a multi-mecia d.str.-butpo <-.Diect ha^ -nni- 
invention will first be describee. '-Onferencmg system according to the 

flefemng ; 0 Figure I. a multimedia distributed *hect-h as *i -«nio 
cresent ,nven,,on „ maicateo at .0. The system tOcomV ^V.! ^"'e'ence system according tc me 
network , 2 may be a w.de area network ,WAN, r - , I * S connec,ea over a .network , 2 . The 
5 network (MAN). Client workstations C are connected \o e"ach 0 mTs^eTs ilach , I ' me * r ° P0,i,an ^ 
Servers S commun,cate w, th each other by open.ng virtual .-,rr u ,f hlf fequ " es 3 Serve ' S 

principle, client wo.kstat.ons C could comm u „,ci iii !, 'T M " S °' Se ' verS Alth °^ h ■« 

and therefore each client workstation C has only 0 n e virtual hln ~, Cfea ' eS P,aC,,Ca ' pr0b ' ems 

cent workstations to communicate w,«h each other "* Z^sT ^ '° "* '° Cal ^ S t0 enaD,e 
1 Referring to Figure 2. each server S comprises. 

nardware 14. such as an HP9000 300 HP-UX .-.-.mooter t«P <= , . 
Company,: -mputer ,hp , s a trade mark 0 f Hewlett Packard 

operating system software 16. such as HP-UX software- 
Remote Ob,ect Access Manager (ROAM) software 1 8 for ma « a „ 
workstations C connected to the server S and other «rvPr« o Ul , Z , ? 9 commun,c " ,on * chent 

COM software 20 providing object management faoi.'nes 

server obiects 21 which are obiects to K e sharer- bet 
ooiect parts mentioned m the mtroducricn. " " USe ' S ^ '" h,ch C0,re Wa ?o the semant.c 

Each client workstation C comprises: 

hardware 22. such as an I8M-AT compatible PC 

operating system software 24. such as OOS software 

wmaowmg software 26. such as MS Windows aopl.cat.ons softwarP- 

presentation ob,ect parts mentioned .n the -ntroduct.cn ' 2 correspcnd to »e 

server S. b,eC,S 10 °* iransm '«ed over the network i 2 v.a the associated 
The system io provides multimedia fac.ime* to u**,« p rt , , 

«. rr M0 =OTmun , caMn , K ,„„ es M - ™ o ™. " e,ks,a " 0 " c ™ y M>e 

A possible voce ana data network structure 40 ,c chn~n „ c o aci "" es - 
and 3. a networked PC server 42 , s connected the ocTp^Z pc * 
multi-port telephone interface cards (such as the VBX 300 . ! ^ 2 C ° ntamS ° ne 0r more 

PABX (S controlled by the PC server 42 and users Z « * ° V Na ' Ura ' ^y"™ The 

Each of the s,tes A and B comprises a LAN and a LAN WAN bridge ^ the LAN with a 



WAN 



— « « « a Mi : 9 ™ z ^ ~ a no "" ai — 1 «- 

In oroer to conduct conferences over a w.rior or- « 
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Button Appearance 


Meaning 


No button 

White, unhighhghted 
Black 

Red 


This person does not have this media rhannoi aua.iahia 

The media channel is available, but not cnosen for use. 

The media cnannel has teen selected, cut is inactive because the person 

•s not present ,r. the Venue or the connection has not been completed yet. 

The media channel is being used. 



The lower oonion of the venue is taken up by the shared ob,ect area 73. This acts as a snared foioer 
stonng objects on the server and making them access** to all users of the Vm» ^™£cTZ. 
represented by an , CO n such as icon 38 m R gu re .0. Ob.ects ,n the shared ob.ect tea 78 may o .,e u 

11 J 5 ' , I" 0 *' C " em ° 0,6CtS - ° f '" ay 56 S,3ndafC Ne " Wav * * » Poss".e to move ob ec 

.n» -no cut of the snared ob.ect area 73 of the Venue-Cent ob.ect. Moving a functionally S p.,t oo.ect uch 
as a Wh,tetoard ob.ec: -nto the shared ob,ect a.ea 78 does not *n,a„ mov,ng the V^ZS^^t 
bu, JUS t the Wh„eboard-cl,en< ob,ect. The OMF28 instructs the Venue Cent ob,ect to inte^e Wh'eboa^ 
Cent ob.ect as one of ,«s chi, d ren. The Wh.teboard.d.en, ob,ec: is then slZse™? *e ZZZX 
T£*Z T l ° Venue ' £erver The ^"-server ob.ec, updates its other ac tve Venue- e 

'" w h r 7 r ne \ Wh,te00 ^ cb ' ect ' s -he Venue and these Venue-Cen, ob^t 

™ lteb0ard - C " ent ° b ' ect • co " o«w:t areas 78 according.y. The Whiteboard- 

oo ec bv In T,T S °" SSr/er " W3S m,,,a " y St ° red - Sutsequent °P en -Vo< the Whiteboard 

ooiect by any of the users cf the Venue cause a copy of the Wh.teboard-dient ob)e J t0 be sena| , sed 

the Venue-server and sent to the relevant ch.nt-work.ubon wnere i. „ deserial.sed prov.d.ng acces 'o the 
contents o. the Wmteboard ob,ect for that user. When that user subsequent closes .dea"va,es? the 
Whiteboard ob.ect. the copy o, the Wh.teboard-cl.en, ob.ec. remains on ^n^^^^Z 
in contrast. ,1 a NewWave ob.ect icon ,s moved -nto the shared ob.ect area 78 of a Venue Ten cb*ct 
I rTT [h6 h NewWave ° b) * ct t0 be se " a "^ «n, from the Cent workstation , 0 the server mactne 
which s ores the relevant Venue-server cb.ect. The Venue-server ob.ect then instructs oLT active 

oTectb a"' T? V 5P,ay re ' eVam N6WWaVe 0b,eC, ,C0 " SubS ^ ent opening of the twwa e 
oo.ect by a user of such an active Venue-c.ient ob.ect causes a copy of the NewWave obiect to be made 

Th ! s a c 'nin ^ I ° Ser makeS r3f,eCte0 ,n * he COP ' es he,d on the ™* machines, 

featu 3 ^ Z ° ^ n0n -' unC, ' 0na " y split nature °' N ^Wave ob,ects and ,s an .mpiementationa! 
feature rather than one wh IC h 1S .mportant to the present -nvention 

There ,s one Phone Boom server object on every server machine and one Phone Booth cl-en, object on 

cZZ otectsTn T°;- Ph0n8 8 ° 0m C,,9n, ° b ' eCt arr3n0eS * ,he «~*» and «^on oTZZ 
Cent ob.ects on Cen, workstations and the Phone Booth server ob jeC t manages the creauon of Venue 

server ob.ects and the convening of Venues. On cpen.ng a Phone Booth Cent ob.ect the us** presented 

s of a ^:, v « ,°' oos , s,b,e mee,,ng 0art,c,pa,i,s as sho ' vn ,n Roure "• rhe ^ 

Ld n nnnon ' o P «?- 9 * '°' > ^ °' 8 *™<*™- 3 election area 96 

« Lea sr^" 9 ° P,,0nS: C ° nVene Sd,e ' :t and Ca " C9 '- U — e — 

SO. a^e^a^t^^ rmr'" 9 3 ™° ^ °* ^ 

. h „ t , h . w wwa s ,ne area 34 25 shown. The media connections are selectable by 
checking the relevant boxes in the media seiect-on area 96. Checking the box bes.de the name of the 

ooTs 'chosVnTph 94 3da jr t0 me liSt °' ^ * addition, the'n,,, ,s The med" 

TlrL n • de °- ° a * a ' ^ againSt the ^^ipanfs name ,n the list 92. A prev.ous.y 

94 T Zol E'ST.rJT <3e ' 5e,eC,ed DV Ce " :heCk ' nQ ^ C ° X 6eS,<36 the name °« that perso " « ^ are! 

wa S hro Z „ i^ h ° i" meanS t hat n °' 18 °' ,he ChanQeS made s,nce ,he w '" fl0 - the directory 90 
was brought up w,n be implemented. The Convene opt.on win be described later 

ua J h 7n« Ji° 3 Connect,0, l Mana S er 00 'ect on each server mach.ne providing the facility to interconnect 
^ tabiishi'no 1 T 7 C,a - ^ COnneC, '° n ManaQ6r 5bieCt handles the Se'enc operaLs involved .n 
^1^1.^ n e :r neC,, ° nS - ° ,,VerS ' 0r 63Ch me,3,Um ava " able - ea - video ' te,e P h0 " e ' "«««• 
^.^S^t^ Ci,W . 0Ul SW " Ch,n9 f8QUeS!S ' 3Ufin ° USe - ThS C — i0 " M " aQ - ° b - 

maintains a list of media resources available in the system: 

* detects wnen resources fail 

• monitors resource channel ava.iab.l.ty monitors, m.crophones. speakers, cameras) 
sets up connections oetween people using different meaia- 
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the server oo,ec: >s unaware of me existence of me <-i-m ob,e<-r m vh. 

server o«w« are ncn. cefS)SIenI an0 . w , aJf . ° ' ^ ^ ' ; ^ between c ,en, anc 

of a correspond^ cent oo.ect an, v^v™, r ZaT'oZ T "* 
corresponding cent oD.ects which are currently acr.vP Ocen.no \ * -„, 1 V 6 ^ ' aen " t,es °' 

5 St5te * Ihe — can ma*e ,n pu , t0 , £ ^,^^0 ec, r^ ,^0^:^ 7 3 ^ C " ^ 
server cciect. 1 re.juiany updates, and <s upcated by the 

ngure 9 depicts the components involved m a ty D , ca i ic ., vp ,„ Mr „ K 
Cen, objects on ,w 0 dirferen, cent worxstanonc C arii c Izln ; ^ Wn ' Ch ,$ asS0C;atea *" n 

csmpr.s.rg ccmoonents identifying lne r*|p va nt n,™ < or . " ' S 5 ' Ven 3 un ' Que 00|ect 'Qent.f.er 

0 r ^ for ,e Pabular o^ect On £ c^sTce t " m^" «"™ «» 3 

fcr keeo-ng a record of what ob,ects are ore«nilv ™ J „- ,eU man3 9ement fac.l.ty (OMF) 60 

•n ob.ect :,-ea t ,on and de.et,, Uec, na^te" «^„^T r^' 0 " " ^ S — ~ 
rout.ng. Th,s ,s a stancard NewWave 0MF Tnt'l ' , T ^ a6aC,,vat,on ™« 'nter-ob.ect message 
-ancaiiy i,n k9 d to each client object CO prov,d.n q ace* * ma " a9er Hbrary ,C0M l-ie-C, 61 

5 other woros. tn e COMLIB-C 6, has been ad d ed to ^JZ^T" * * R ° AM ^ ° fc ' eC ' 62 

funcnonally „.„ objects. Commumcaoon through V ml, t si "! Tl^ C " em & ° ,eC,S '«* 

neea to know , he ob.ea identifiers of other o 0) ec,s. , o, Z Z locaVon, tranSPafent '* ° b,eC,S 0n,y 

: S4 A server ob.ect manager ^' 7-^?^ ,7 ^ ^ S0 "^ 

- — « --sme ;r a g: o t o s Th a Ro A M s ? e :,e: ,t"7s r: g serve ' — so - - 

server ob.ect SO. Messages from me server o b , ect SC Vc c *™ V PaSS6S the me£Sage on t0 ,he 

message „ to be sen, between cbf ects on "^.^^^0^ ^ ^ " 3 

■nvolvng the ROAM server oc,ect 66. Messages are aKo ^nThP, C ° MU8 - S 65 sends " *'ect.y w.thout 

-.cose. The , erm - 3rag - „,„ - * "°" ,sla "°" us '"9 •» '"P^ «v,ce S ucn as . 

e<a« n^oer „ s uBl «, „ , ecn „, c ' a , < .^ Jff ™* "™ , a » rom '" sl =»»P'» » •» mi o y peo 0 ,e. ,„ e 
»e~,e n ,»o oeople. bo.io UD as „pe?,s are 0 olcm 1° ^ """T 9 '° S ' a '' " a simi,l<! ono " 9 «» 
oeo ? e ,o ;; .e B a ^ ,o, e ™ ^;^tfrSr°" ^ » 

v-n^r^ jsr.r ^ — ^ 

::;:;c r r may „e m a„ y ,e„oe cJI ^ '£^^^?rj£?Z2 

be seer, ar,„ . h er, , h9i , m e0 ,a crj^ * e on™^ 'e^,, .r 8 '' 0e00 ' e " ' he Ve "" e 
obiects lor use In the meeting are storeu -oraww. Beneaoi mat ,s a shares area rs .here 

3,n s^rsTnU ;;:;^r:r:: s,o t - v,th eacn cart,c,pant — by . 

absent ana status banner 84^.^^ an ^ Tl, J?' ,h " US6f ' S Pr6Sent m ,he mee ""9 or 
-oia control buttons 86. The ^ i ^T.eZ^^Z^ T' ™ 3 ^ °' 

-naows ,, ava-lable an. 3 , he video channPi ■« , n US e 8 ° W ' nd0W '" hen v,deo ,n 

can It™ Z^^Z'X — 86 * -Phone, v.deo and oata and each one 
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workstation B tc the Phone Booth server object PB-s. if the >nvrtaticn is accepted a Create Venue message 
(referencea 6) 's sent from the Phone Sooth server ooiect PB-s to the Phone Booth client object PC-c 
which causes it to create a new Venue client object v-c on client workstation 8 involving sending a Here Is 
Parent message (referenced 7) to the new Venue ■ client object v-c" to notify it of the identity of the Venue 
6 server object v-s. The new Venue client object V-c" then sends a message (referenced 8) to the Venue 
server ooiect V-s requesting information about the contents of the Venue. The reply from the Venue server 
cbject V-s is referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as aiso to create a new Venue-client object V-c on that workstation and these messages are 
referenced 1 0- 1 3 m Figure 13. 

Finally, the Venue server object V-s sends a request i»eferencetf i4i to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
media drivers accordingly (dotted line referenced 15). 

The users of client workstations A ana 8 can then communicate using the newly created Venue 

- 5 it is also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This inmates a sequence of events whicn will be described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option is referenced i m Figure 14. This causes the-Venue client 
object V-c to send a Convene Request message (referenced 2) to the Venue server object V-s which 

:o notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 whicn 
identifies the intended meeting participants. The Phone Booth server ooiect PB-s sends a Ring message 
(referenced 4) to the Phone Booth client obiects PB-c on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations inviting the users to partake in a 
meeting. When these users accept or decline the invitation this causes a reply message (referenced 5) to 

25 be sent from each Phone booth client object PB-c* to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced 6» the Phone 
Booth client obiects PB-c' to create new Venue client objects V-c on machines where a Venue client object 
linked to the Venue server object V-s is not already stored. Such new Venue ciient objects V-c' then sena a 
message (referenced 8) to the Venue server object V-s requesting information about the contents of the 

10 Venue so that the appropriate icons can be displayed m the shared area 78 of Figure TO on the respective 
client workstations. The reply message containing' information about the contents of the Venue from the 
Venue server obiect V-s is referenced 9 in Figure 13. 

The Venue server object V-s then sends a request (referenced 10) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 

:s media drivers (not shown) accordingly (dotted line referenced in. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-client object a Venue-server object aiso needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation Oy 

*o C. 

The act of opening the new Venue-client object V-c causes it to send a message (referenced i ) to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone 8ooth 
client object P8-c to the Phone Booth server object PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object P8-s creates a new Venue server object V-s using a Venue Start 
message (referenced 3». Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the 10 of the Venue-server object. The new Venue 
client object V-c then sends a message (referenced 5> to the Venue server object V-s requesting 
information about the contents of the Venue and there <s a corresponding reply (referenced 6) from the 
Venue server object. 

50 It is possible to add new meeting participants to an activ Venue by selecting an Add New Member 
menu oonon. This causes a directory of potential participants to be displayed as shown m Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

55 change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to b sent 
from the relevant Venue-client object to as Venue-server object informing the Venue-serv r object that the 
Venue-client object is deactivating. The Venue-server object then messages the Connection Manager object 
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To "ooerT an object, the user double clicks on the "Levant icon Referring to Figure 17 Martin has 
ooened the Project Meeting Venue which is shown m a ^noow 1 74. The wmaow 1 74 has a menu bar 1 76 
wmch has similar options to the menu bar 130 of the -.vmaow 125 except a Meeting ootion msteao of ?ne 
Setting option The window 1 74 displays a participants area 178. showing oniy Martin, and a snared items 
5 area 180 which :s empty. Underneath a bit map 1 82 of Mamn is a name bar f 84 which includes a 
notification of presence and three media control buttons 1 85-7 for Phone. Video and Data resoecttvely Oniy 
the Oata button 1 87 >s highlighted m this example, ie. blacked out tn Figure 17 

On selecting the Meeting option from the menu oar 176 of the window 1 74. a CoMedian directory 
window 190 appears. Figure 18. The reference numerals for the CoMedian directory which were used \n 
?o Figure M will be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
participants causing a picture of Richard to appear m the area 94 together with crosses m the viaeo and 
data boxes m the area 96 to indicate Richard's media selections. This means that Richard will be contacted 
through ;he system .'or data sharing with both video and audio travelling over video connections. Martin then 
cttcks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
ts image to jom Martin's image m the Venue as shown at 192 m Figure 19. Richard is marked as absent at 
194 and a banner 1 96 is displayed indicating that he has been invited Martin has selected both video and 
data connections for himself m order to match what was selectee for Richard. This causes the video and 
data outtons 186 and 187 to be highlighted in a first colour to show that they are currently m use albeit only 
locally to Martin's own workstation. Richard's video and data media buttons 186a and 187a are highlighted 
20 m a second colour to indicate that they have been requested out are not yet m use. 

While waiting for Richard to ;om the Venue. Martin is moving tne Design Notes and Design Principles 
objects 170 and 1 72 into the shared items area 1 80 of the Venue by clicking on each object and dragging it 
to the area 18O. 

Moving now to Richard's workstation, shown in Figure 20. the invitation to join the Venue has reached 

js his machine and has caused a bell 200 to apoear at the bottom of his screen. The bell 200 is flashing and 
making a nngtng sound to attract his attention. Richard clicks on the bell 200 and the result is shown m 
Figure 21. An invitation message box 202 is brought up teiling Richard that he has been invited to a 
meeting and giving the name of the meeting and tne name of the person who convened the meeting. The 
invitation message box 202 comprises two options: Accept and Decline. Richard dicks on the Accept option 

30 to accept the invitation to join the meeting. 

Referring to Figure 22 accepting the invitation causes a Venue client object automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
Ricnard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to him. Figure 23 shows that Martin can see the same Venue having the same contents on his 

35 workstation. Referring to Figure 24. during the meeting. Martin has opened a window 206 on the Design 
Notes whiteboard obiect. Martin informs Richard of this so that Richard can also view the whiteboard object 
and then both Martin and Richard can scribble on the whiteboard and view each others input. When their 
^ meeting rs finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue object 163 saved m Richard's NewWave office. In Figure 26, Richard has 

^0 just opened his NewWave office and is viewing the Venue 168 m a window 208. Martin is not present 
(although he would be if. comcidently. he had his Venue open at the same time as Richard. In that situation, 
the relevant media connections would automatically be set up). Referring to Figure 27. Richard has selected 
the Meeting menu item using the cursor 210 so as to bring up the CoMedian directory 212 and he has 
selected Ed Davies in the manner previously described. Ed Davies does not have video capability, instead 

-5 he is selected by telephone. Clicking on the Select button will cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring to Figure 28. Richard is about to initiate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216. Since Ed ooes not have video capabilities, the audio from his telephone would be mixed into the video 

50 feed into Martin and Richard and their audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session is beginning on Richard Jenmng's workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the icon 222 
caiied "Meeting Request" (using the "Create a New" option from the Action Menu - se Figures 14 to 17 of 
55 Aopendix A) In Figure 30. on opening the outgoing message 222 it is displayed m a window 224. Richard 
has completed the distribution hst 226 and written a cover note 228. 

Referring to Figure 3i. a new Venue-ciient object represented by the ;con 230 is created (again using 
the "Create a New" option). The Venue-client object 230 is copied and dragged into the window 224 
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to disconnect she media connections 'or the Venue-chent ooiect wh.rh ,« . 
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• Another opt-on , S for the user wishing to set up a d.str.buted ms6t ,„„ Z * ~ 0,eCt - 
object and to serialise the copy of the Venue-c. eni etc Z n V ° 0V 

such as a network drive) This L L. t * °" "° PPy d ' SC (Qr 0,her shar <* m ^-um 

oarticpants ~ec^^ " T"" "'^ 

cb,ect ana thereby means for accessing th» a« 1, 1 V 4 „ par,,Cipanfs " ,,h a "PV «' th. Venue-clien, 
attributed meeting 9 aSS0 '- ia,e,: ' ^"ue-server objects in order to take part ,n the 

A new Whiteboard-client object can also be created usmo thP -r,. a ». am- 
Office. On openmg the Wh.teboard-ciient ob.ect a n^Wh.t^l. « ! * ° P, '° n NewWave 
orocess „ analogous «o that described J? fe ec "T ue ,5 Xn^^' t0 & ! ^ 
w.th references to Whiteboard obiects. 9 ° 3C 9 re ' erences t0 v *"^ objects 

A new Wh.teboard object can also be created ,n S ,de a Venue bv salmon th.- -r m - 

that shown , n Figure ISi wnneooard server ob,ect (aga.n using a process analogous to 

Hypothetical users Martin. Hich. and Ed. ererence to Figures 16 to 33 .nvolving 

A ^Z\7eZT ' SCf9en °' 3 C ' iem WOrkS,S " 0n ' Mar,m ' SI runnma Hew,ett Pac ^ ^ave Software. 

a title bar 128 carrying the title "NewWave Office" 

a menu bar 130 offering the following options: 
Action. Edit. Obiects. View. Settings. Task and Help: 

a system menu box 132; 

size boxes 1 34 ana 1 36: 

a veracal scroll bar 138 w..h scroll arrows 140 and 142 and a scroll box 144- 
a hor,«,mal scroll bar 146 with scroll arrows 143 and .50 and a scroll box 152 

The w.naow 126 displays .cons for some standard tools at the top: Waste Basket 154 Aaen. iss 

-n Til f ^ ° Ut Tr3y ,64 ' FMe 0r8Wer 166 The ' 68 - < 7 ° ™ wTZ^iyT^Zn 
■ana side represent work-related items: «uw.iiveiy on me ien 

'Project Meeting" a Venue-clien, ob.ee. representing a reference to a Venue server ob.ect on the 
local server machine- 

"Des.gn Notes" a Whiteboard-cent ob.ee. presenting a reference to a Whiteboard server 

object on the local server machine- 
•Design Pnnap.es" a NewWave document ob.ect fully ccn.a.neo on the c.ien. works.a.ion. 
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'° Brief Description of the Drawings 

Figure 1 is a block diagram of a computer in accordance 
^ with the preferred embodiment of the present invention. 

Figures 2 and 2k show block diagrams which illustrate 
the relationship between objects, applications and data 
10 files in accordance with the preferred embodiment of the 
present invention. 

Figure 3 shows a plurality of objects linked in 
accordance with a preferred embodiment of the present 
invention « 
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Figure 73 shews a block d i a g r a c of the organization of 
H POM ".CAT, a s y s t e a file included ir. the OMF shown in Figure 
7 2. 

Figure 7 ^ shows the relation between a global parent 
and global objects in accordance with the preferred 
embodiment of the present invention. 

Figure 75 is a block diagraa which shows how system 
files within the OMF shown ir. Figure 12 accesses data files 
and applications from a tnecory shown in Figure 1 . 

Figure 7 6 is a block diagraa of the organization of the 
sesory s h : w r. in Figure 75. 

Figure 77 and Figure 73 show objects and links in 
accordance with the preferred eabodinent of the present 
invention. 

Figure 79 is a block diagraa of the organization of 
H ? 0 M F . X R F a systea file included in the OMF shown in Figure 

72 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention. 

Figure Si shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 
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Figure U shows a series of objects serving a3 folders, 
as parents of objects containing data, i ., accordance witn a 
preferred e=Scdij-»t of the present invention. 

Figure 5 illustrates the screen display which results 
froa linking of various objects in accordance with a 
preferred embcdi=ent of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews hew three objects oay be linked together 
in accordance with a preferred embodiient of the present 
invention . 

Figure 3 and Figure 9 illustrate how an object may be 
copied in accordance vith a preferred embodiment of the 
present invention. 

Figure 10 and Figure 11 illustrate the copying of a 
public object in accordance to a preferred embodiment of the 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are block diagrams. of how objects 
appearing to the user are linked In accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (QMF) in accordance with the preferred embodiment 
of the present invention. 
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13, OMF 100 ir.forcs t * e a??li:atior. which object the 
application should access fcr data. That object is then 
conaiaerei to be active. An object is inactive when the 
application t.-.e object is associated with is not being run 
by cooputer 18, or when the application the object is 
associated with is being run, but is not being run with the 
data of that object. 

Active objects can comrsunicate with each other using 
aessages. Per exaaple if two instances of application 101 
are beir.g run by cocputer 1S, one with the data of object 
202 an; the other with the data of object 203, object 202 
and object 203 are fceth active. Therefore object 202 say 
send a eessage 211 tc object 203- Similarly, if computer 18 
is running application 101 with the data of object 202, and 
is running application 1 C 6 with the data of object 20?, 
object 202 and object 207 are both active. Therefore, 
object 202 oay send a aessage 212 to object 207. 

Messages, such as message 211 and 212 may be foraatted 
to be sent and received by all types of objects. This 
allows for free coaauni cat i on between all active objects. 
This also allows new object types to be defined and added to 
the systea without requiring that the existing object types 
be updated to use the new type. 

;t 

Each object has associated wlth^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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figure 82 
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t w .e <a:a path 0 f a view 
3 " 3 ?-°'-3'- , in acccrdar.ce w-; t 
present invention. 
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Description of the Preferred Eibodiaent 
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application. When an application is be'ng run bv e 
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children ar.J one or t:.-« parents. An object is no: 
allowed to tecca? its own iescsndent. 

In Figure 3 is shown an object 201, an object 302, an 
object 303, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name " 1 " , to object 302 . Object 301 has a 
link 311, with reference r.a = e "2", to object 30 3 . Object 
302 has a li.-.k 312, with reference nace "7", to object 20U. 
Object 3"2 has a link 313, with reference name "8", to 
object 3^5. Object 303 has a link 31U, with reference naoe 
"1" , to object 30c. Object 30 3 has a lir.k 3 15, with 
reference r.ase " tt " , to object 307. Object 30U has a link 
316, with reference nace "1", to object 308. Object 305 has 
a link 317, with reference nans "7", to object 308. Object 
306 has a link 318, with reference naice "8", to object 309. 
Object 307 has a link 3'9, with reference name "9", to 
object 306. Object 307 has a link 320 , with rererer.ee naoe 
"13", to object 309. Object 308 has a link 321, with 
reference name "1", to object 309. Object 308 has a link 
322, with reference naoe "3", to object 3 0 3 . 

Object 30'. is a parent of 302 and 303. Object 3 0 3 is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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in data file* 22 ,, 222 and 222 are i, a forBat vhicn ^ b 
interpreted by application 105. 

Each object has associated with it a list of 
prcpe.-iies. Each property has a nam- and a value which zay 
be accessed by s P ecifyi, S the „, a . . Za addition, each clas 
of objects .as associated with it a llat of properties that 
are co==on to all objects of that class. For instance, in 
figure 2A, object 205 and application 10, are shown. Objec 
205 ha, associated with it a property 23 1, a property 2 3 2, 
>r.i a property 2 3 3- Application ici has associated with it 
a property l 3 1, a property l 32 and a property 1 33 . 

Property lists car. contain any number of properties. 
Each property value car. be frca zero to 3,27 62 bytes i r. 
length. Properties are used to store descriptive 
information about objects and classes, such as naaes , 
coxxenta and 30 on. 

Objects cay have references to other objects. These 
references are called links. Links are directional: one 
object is called the parent, the other the child. Each link 
has a reference name which is a number that la assigned by 
the parent object to identify each of i ts. chl Idren . All of 
an object's children, its children', children, and 3 o on are 
collectively called that object-, descendents. Similarly, 
an object's parents, it, parents' parents, and ,o on, are 
collectively called that object's ancestor,. m the 
preferred embodiment of the present invention, an object 
which may be manipulated by a user, can have zero or xore 
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contains iir.es of text 5 > 1 , lir.es c f text 512, a graphics 
figure 51?, a graphics figure 5 t u and spreadsheet data 5 1 5 . 
As 3h:v- in Figure 6, text and formatting data is stored in 
a.n object 6*1, graphics data for graphics figure 513 is 
stored i r. a r. object 612, graphics data for graphics figure 
5 1U is stored in an object 613 and spreadsheet data 515 is 
stored in object 6 1 U . Links that are used to build coopound 
objects always have sore Wind of data transfer associated 
with the link ar.d hence are called data links. In Figure 6 
is shown a data link 615, a data link 616 and a data link 
617, In dec u sent 510 r data from object 6 12, object 613 and 
object 6 1** are eerely displayed, therefore data link 6 1 U , 
data link S'5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 70:, which contains data for a 
first spreadsheet, is linked through data link 704 to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

0M? 100 does the "bookkeeping" when objects are copied 
or nailed. When an object is copied, OMF 100 makes copies 
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child.-sr. of ejects use" a« r,--*. 

use- as fc.aers oay b e objects 

containing cata for us* w<*w v , 

w.... va.ious applications, or the 

° bje:tS b * f0i — " -'i«ur. . , h0 w,.„ ex3Bp1o 

° f the U " ° f 0bJ « s5 « » ^ object , 0 1 (al30 

Called r a r* '■/-.*» 

-< ...... -o.,, ar S0J (a . jo eiiud 

,.J«t Ul.-o cue, r,l S er =03. . „, an object .0. 

<.i» r.u.r are usei as roid(p <o) 

«««.!». an o 5Je;t 905 . „.., e . eo „, u , a;ai >n osject oo6 _ 
u.« «. ..«,«„ aata , .„ 06J „ t ao?i ^ ^ Mntjin ^ . 

r= laer ,o,. rolaer U0J eontlin> an o6jeot uje< ^ 

«o«. ia «„., fol( . r ,„, and folder (M> 
co-ain, an 0SJtel used (o contain dat> _ m 

— . -..« to «.„. ln Fold . r JC4 contjinj ^ o6j ^ 

«•.< to contain .„ OOJ , ct uasd to 

ana " u, 3. "»«<! to contain data. 

* «r. ^pniatlcat.o „.. or u, k! i3 t0 CM!tr „ c , 

coo;oun<J cSjecta. F or lnsta „. e l ri 

ri8Ure 5, a document 5 1 C 
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162 through a new link ?6ja. Object 16U is a copy of 
object !$i. Link i £ 3a is a copy cf link 16]. 

In Figure 12 through Figure 7:, it is shown how objects 
are displayed to a user or. oonitor Hi. In Figure 12 a 
"NewWave Office" desktop is shewn to include icons labelled 
as Tile Drawer", "Waste Basket", "Diagnostic", "Printers", 
"Star" and "My Folder". A user (not shown) has manipulated 
a cursor 73 1, using keyboard 19 or mouse 20, to select "My 
Folder" . 

Figure 13 shews how the objects displayed on monitor U 
are linked. NewWave Office (shewn as an object 700) is the 
parent cf "File Drawer" (shown as an object 701) through a 
link 711, C f "Waste Basket" (shewn as an object 702) through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70* ) through a 
link 71*, of "My Folder" (shown as an object 705) through a 
link 715 and of "Star" (shown as an object 706) through a 
link 7 t 6 . 

In Figure 1U, the user, using cursor 78 1 , has selected 
"Create a New...- in a pull down menu 782. As a result of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 781, the user has highlighted the icon 
"Layout" and using keyboard 19 has typed In the name "Paste 
Up" as a name for a new object to be created. Cursor 781 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of Jati fii„ associated with the eject. if the object 
being c: ? ;e: has children, OS? 1 •- C also „ keS copies of the 
object's descer.de.nt3, and builds links between the new 
objects to give the r.ew coc P cund object th.'. S «»e structure 



a 3 tne cr-igina 



For instar.ee. Figure 8 shows object 308, fP0 . Figure 3, 
and the descender, of object 303 . When OMF aakes a copy of 
object 303, CMP copies each of object 305-3 descendants and 

the links s^.ow** in p < ? 1 1 - a a - - 

in F.gu.e 3. rigure 9 shews a copy of 



o b j e : t 30 



303a is a copy of object 303. Objec 



3Cja is a copy of object 3 C 3 . Object 306a is a copy of 
object .305. Object 307a is a copy of object 3 07. Ooject 
3C9* ia a copy of object 309. Link 32 1a is a copy of i i n * 
32K Link 322a is a cop;/ Qf llRk U2 L . Rk ^ ^ 

or link 3 U. Llr.k 3 15a is a copy of link 3 15. Link 3 1 8a is 
a ==py of link 31S. Link 3 l ? a is a copy of link 3!9. Link 
32Ca is a copy of link 320. 

In the preferred e<r bod i ae n t , the default behavior 
result:, in the copy of a parent's children when the parent 
^ copied. However, when a child is designated ae -public- 
it is not copied. Rather, a copy of the parent include, a 
link to the child. For instance, in Figure 10, a parent 
object 161 is to be copied. Parent object 16 1 ia linked to 
a child object 162 through a link 16 3 . Child object 162 is 
a public object. As shown in Figure u, copying of parent 
object 161 results in new object I6ia being linked to object 
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I- Figure 23, using c:rs:r 73 i , "Paste Up" (object 70?) 
is ah-vr. feeing dragged to window 755. In Figure 2*, the 
process is coaplete and "Paste Up" (object 703) is new l - 
window »ny Folder". lr. Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up multiple links by using the Share 
coaiar.d. This ccaaand is an extension of the clipboard 
metaphor conaar. in software packages today for coving ar.d 
copying data around the systea. The clipboard is a special 
buffer that the systea uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates similarly to the 
Cut or Copy coaaand described above. That is, using Share, 
Cut, or Ccpy, the user selects scoe data first and then 
gives the Share command, which results in soaething being 
put or. the clipboard. In the case of the Share cooaand , 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this lir.k is pasted, a peraanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78 i , "Share" from menu 783 is selected. In 
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I- Figure !7, "Paste Us" <. , 

- - ifiv.n as an object 707 

links- as a c ; nild of NewWav9 crf 

--i.-e through a link 717> 

T« il5 ;= cupec.ra oo.ration, ar , Cut| Co?y _ ^ 

CC " iM - CUt •«••*•« to t, e cUpSoarj 

<a ' U *'" f "* »•««.«». Cop, . co „ 

of the selec* e J f< a *■ a u 

^ - e - ca.a on the clioboar^ tk a 

*-?ooarc. The user oust then 

" 9l,< " 4 S1V ' «• • — .«. T»l. .„,= „, c 

In Figure 1 3 a 
UP" . The selection 



copies 



i» r«prt.<r.tt< by es. icon r = .- . ?ast « 
S ' iS * 4i * PU '" *»"<■•• »»«... «it, ,.„ or 731 , 

«• X.T - CS0) ,. f „. , pul , ^ ^ 

" A ' Cli '»"< ""I- — to b . . p . r . Bt 

« o. } .c: TO, .. f . rous ., , llR1< 06Ject ?08i ia a copyof 

object 707 ("Paste Up"). 

A, shown in ^ lfur , next ^ ^ 

rro C pull down The resuit> 3hown ^ Fig ^ ^ ^ 

the addition of an object 708, pointed to. by cursor 78t, 
-nich i, a copy or the original -P, 3t . Up- obJect 707 . 

Figure 2,, th . new obJect t> ^ ^ ^ 

linked as a child of NewWave orrice through a i lnk 718 . 

In Figure 22, - My Folder", has been opened by double 
clicking the icon for -My Folder- using cursor 781 . Th§ 
result is a new window 785 representing "My Folder-. 
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spreadsheet ecuh cause a graph to be re-drawn, and update- 
as a fig-j.-e in a doc-j = *nt. And since an cbject can have 
cany parents, a single object can be used as "boiler plate" 
for any number of other objects. a change in the boiler 
Plate will tt reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window 735 for "My Folder- has been 
closed. In Figure 3', cursor 7Sl is used to select -Create 
a New..." fpoc pull down c -nu 752. As a result of this 
selection dialog box 779 appears as shewn in Figure 32. 
Using cursor 731. the icon HPText has been highlighted and 
using keyboard 1? the na.,e -anple Text" has been typed in 
as the r.a = e for a new object to be created. Cursor 78 1 now 
points to a region labelled »CK". Once this region is 
selected, a new object titled »Sa=ple Text- is created, as 
is shown in Figure 33. 

In Figure 3", "Sasple Text" (object 709) is shown to be 
a child of NewWave Office through a link 719. In Figure 3 u , 
since -My Folder- has been closed, -Paste Up- (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 78 1 on the icon "Saeple 
Text- and double clicking a button on mouse 20 results in 
"Saaple Text- being opened. In Figure 36, an open window 
739 for "Sample Text" is shown. 
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Figure^, Clipboard ctj-ct ?20 - 3 3 w. w „ f „ , 

u «3 3...w.. to be a parent c 

7p " ° bje; - 707 ^-^ih a link 722. 
In Figur- 27, wir.icw 785 ha 3 been activated. Frca a 

Be "' J -87, "Paste" is sel-^tec n. 

aeC ' The result, shown in F'gure 

that "Paste Up" i o b ' e - *■ 7 n 7 \ • 

New-wave Office window. In r<- UPe 2Ri m 

.-gure 2fiA, as a result of the 

paste, "Paste Up" i «= * 

<-P i. shew.- to be both a child of 

• LS " Knk ,22 an - * child of "My Folder" 

705 through a T 

- ..U ..... i r . Flg . Jre 29> ahowiRg Jijst 

interconnection of objects vi s -: t i« f „ , K 

ls - cle t0 th « user, "Paste Up" 

(object 7C7) is shewn t: s- a cV H . , 

a ci.ld of "My Fo Icier" 705 

through lir.k 72-. SL .~ m - 0> ... „ _ „ , „ . 

.as.e Up" (object 707) i 3 shared, 

not copied, "Paste Up" (obi— 70*) rft „ a - 

J '■ J,} remains a child of 

NewWave 0 ffi= e through li nk 717. 

One key feature of data links 1, autooated data 
transfer. When a child object is o P en and the user changes 
a P-t of it which i3 "shared out", then it B akes a call to 
OMF 100. OMF ,00 checks if any of the objects parents 
"care" about this particular change. If they care and lf 
they are also open, OMF 100 sends to the parent, a .essage 
informing them that new data is available. The parent can 
then send messages to the child to produce or display the 
««.. This feature allows the user to establish co B p OU nd 
objects with complex data dependencies, and then have 
changes made to any 3 ut- P art be automatically reflected in 
other parts. For example, changing a number in a 
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il: is the cper.ing and display of "Star" (object 706 
in a wi-aow 7?g. Figure t^sho-s the use of cursor 7 = 1 to 
select selection "Ellipse-. in a Benu wlrdow 7 9 7 uhich 
results in the data within "Star" (object 706) 'being charged 
froo a star to an ellipse. As shown in Figure 51, the 
result is a change both in data displayed in window 796 and 
data displayed in region 795 of window 791. 

Ir. Figure 52, cursor 73 1 is used to define a region 797 
in window 791. Ir. Fig. re 53, cursor 75' is used to select a 
selection "Create a New..." in pull dcwr. menu 793 . As a 
result of this selection dialog box 799 appears in Figure 
5L- Dialog box 799 contains icons for the two classes of 
objects available which are able to dispiaydata in region 
797 of window 791. Using cursor 73', the icon "HP Shape" 
has been highlighted. Using keyboard 19 the nase "New 
Shape" has been typed in as the. naoe for a new object to be 
created. Cursor 731 now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown in Figure 55. in 
Figure 56, "New Shape", (object 750) is shown to be a child 
of "Paste Up" (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. In Figure 58, 
cursor 781 is used to select the selection "Triangle" from a 
pull down isenu 801. The result, as shown in Figure 59, is 
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I-- Figure 3? a wi.-.- = w 7 5 i for "Paste Up" (object 707 
has tee., cp.r.ed by double clicking c, the icon for -Paste 
UP"- I"- Figure 33, using Cursor 7Si. controlled by O ou ss 
23. a portion 790 cf the text of "Sample Text" has been 

Se ; S=t6d - ? ' W ' e portioa ia i — e vueo stating .„.w Wave 
O.'.'i;. !j.lrj„„„. ls p , rtlon - ?0> 

I- Fl,»r, 33, t »r s ,r 781 i, u3ea t0 aelect . Be 
*"* Cti " »" ' «•« •«"» TM. in ru-r. .0, 

rU0r4 3 " ! " ,1<,e "l.ct.d fro. a 

= "' J a>ln « *» M. -s.-pi. T „ t . i5 

li^ed to - f .,t. C p. 707; a ..d dl.pl.,.;, «.„ 7 „ „ 

displayed in "Paste Up" window 701 T „ r«. 

3 If figure ^3 "Saople 

Text" (object 7 C 9 I ' s <? ' ► „ k 

3< " S 3 "-— to be * child of "Paste Up" 

(CbJeC '' 7G?; thr ° J6h 3 I" FiguP e U 2 , displayed 

text 79C is 9 , owr , ia gray becauss ^ ^ ^ 

In Figure li U , » 5 ► a ,. n u < ~ -i ,-> u -r a -> • 

. a-a. w.ndow 739 is closed so displayed text 

790 is clearly displayed. 

In Figure U 5 , a region 795 of window 791 is selected 
U3i,g cursor 781. Figure ,6 shows cursor 78, dragging the 
icon "Star" into region 795 of window 791. 

In Figure U7, data froa "Star" (object 706) is now 
displayed in region 795 of window 791. As »ay be seen in 
Figure .8, "Star" (object 706) is now a child of "Paste Up" 
(object 707 j through a link 726 . 

In Figure U 5 , a user has placed cursor 781 over region 
795 of window 791 and double clicked a button on ,ouse 20. 
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Include t. w . » d a ► a f ^ » - . ■ , 

<^a iden. if icaticn nuaber given to OMF ,00 b v 

child 709. 

«« U r. ,o. , re . 7S3 la viniou 7 „ is jeiected ^ 
™ i, r lgura ... . l5 jeiected 

»«.« . SJtel 707 «.,..,. UpM re , u , jtj okf |oe ^ ^ u ^ 
.«.»« «. p . r .„ or .„ on cUp6oard 7jo> ^ 

specification record w ' ^ 

r.eori ror t*. (between clipboard 720 .„ e „ lld 

«. -pied ror u . k 7„ between p . r . nt 707 „„ chUd 

rii-r. .,.„„,. T „ t . (otjMl 7M) t> ahown ^ ^ ^ 

" " Pai " ™7> t*rou e n U „K M9 . 

m ruu,, „. •«„!.,„ 790 l3 dl3pliyea ln 

W1 "' 301 ' 75 '- ' — PU.«. t t„ t „ Mr .„, obJ ... 
"7 ..... . csll to OHF ,00 ..„..„, ,„„..„..,. ^ 

">• .bj.c, ider.tiri.d by t „, ref , r , nce naBj ^ 
T»l. ....a*, eMl< 3>Jec{ ^ ^ 

«»t. ll„ i., t0 . loe . tl „ speclfled ^ parent obj ^ t 

»t. o«r ,00 ,.„., „ ej3a8 , rpo> pjpene ?o7i ^ 

<«. ".■••i^m., nu . b . r fro . t> , yltu , p „ lflst(taB 

ror llnk 7J9 , , M <tUv , pa (Be aeaja8> ^ ^ 5 
OH. 70, dl . plly . th . 4 . tt 1b tn< jpscined ^ 
«hi. ca.e ,re. 793 . The .... or t „« „.,.„, 3e „ t frc> 
PT.nt 707 to 0HF ,00 to chUd 70, 1, - DISPt » T.TItW , 
furth.r d.,erlb.d in »pp. n d lx „, .. tle „ e< , 

.notner ,e s3 .g. .p.INT.SlAVf. .l.o de.c.-lb.d in 
•P..»-S. ■ . .ay be „,., uh . n lt 13 4 „ tr<4 to priBt ^ 
» P«.v.„ r.tner tn.r. dl.p-.y date on . ter.in., 3creen . 
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In addition, Parent 707 cay send a "CET_SIZE" aessage 
to child o^ect 709. In a "GET.SIZE" aessage, parent object 
707 identifies a reference naee for link 729 and Indicate* 
coordinates for a display. 0KF 100 takes the GET SIZE 
-essage from parent 707, adds the data Identification n Us5er 
from the view specification record for link 729, and 
delivers the aessage to child 709. Child 709 returns to 
.-p-arent 707 the sire of the portion of the specified area 
that child 709 would use to display the data. This allows 
parent 707 to aodify the region reserved for displaying data 
fro S child 709 when child 709 is not able to scale the data 
to fit in the region specified by parent 707. 

Wh,a \ d,t * froB a child obj.ct l« being displayed by a 
parent object, and the child object changes the displayed 
data, the child objects notifies OMF 100 that there has been 
a change in the data object. For example, as described 
above, in Figure U7, data from -Star- (object 706) now 
displayed in region 795 of window 79L And, as may be seen 
in Figure U8, -Star- (object 706) is a child of -Paste Up" 
(object 707) through a link 726. Since data is being pa 33ed 
froo child object 706 to parent object 707, link 726 is a 
data link which Includes a view specification. 

In Figure U 9f the method for changing data in child 
object 706 is shown. A user places cursor 781 over regl n 
795 of window 791 and double clicks a button on »ouse 20. 
The result is the opening and display of -Star" (object 706) 
in a window 7 96. Using cursor 78 * to select select! 
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•7". «... 67, „ a r,i e . r , t>iPt „ „ 0 >l4i/> 



0C0' 



I» "fur. 78, 0 SJ . 5t ,76 ls , a ^ 

O.J.C 676 i, , „ a „ 81JM( 6n ti)roush ^ 

»" «» «d . p. r . Bl or >n o6 ., ct 678 t()rou5h t iiBk ^ 
0>*..t .7 7 „...,., 

• ObJ.ct 678 fta, , tag cf -2,.. Llok S80 hlJ t 

reference name " 3 " . 

'» 79. .„ .„,,, m a „ cpUej ^ jBoun ^ 

'il-r. 78. ntt „, ,„ coluin n , ef ?37 ^ ^ 

.« 1» ==lu=n 7 3 3 «„. ,. eh . naBe 

«'« I. • -.«„.„,. . M assu „ lng there ls a jjsociited 

w.,» U„> 67,, la . thP! . Mts witMn ju6coiu>n 

«. «»r.. m> -no- „ try n8 la . vl elfl ,„ te . 



reco Tt 



Sl.il.rl,. .„ entry 7 „ (1 , ! , crlt>e5 Unk 690 jh3vn ^ 
'U«r. 78. That ls> ln Ml „.„ 73 , 0 r ,„,., ,3, ^ ^ 

»»«« ... coluBn 732 taer , tt tB< g _^ 

«< l» «!».. 73, th . r . t . tB , rtf . r . nc . njif <3>jiins 

.».«.!„„ 7 3 » ..„.!» t». t*r.. .It. .,, 0 . ina „ tpy 
7«0 U . view s p, = l f i cat 1 on record. 

I" F lgur , 80, „.„ ^p.ctflc.t.on rccrc 7.0 i, sh3wn t o 
I":-'. • fl.H 7., ,»,c. «.„„.„ , ,ata ld , ntlflc , tlc „ f , r 
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" aP3h0t USei ln thC Vi « W ' an * • Tield 7U 3 which contaln3 
■ iscellar.eous lnforsatlon about the view. The data 
identification nu=ber is used 6y thf chll , ofcJtct of ^ 
link, to deterrir.e what data is sent through tne link. 

Figures 37 - U 3 3hcw the establishment 0 f a link with 
a view. A3 has been dl3CU3Sed befopej ln ^ 

791 for -Paste Up- (object 707) ha, been opened by double 
clicking on the icon for -Paste Up-. m Figure 38, using 
Cursor 78 1. controlled by mouse 20, portion 790 of the text 
of "Sample Text- has bee, .elected. The portion in invert 
video mating - Ne w Wave Office environment- 1, portion 7 90 . 

In Figure 39, cursor 78i is used to select the 
selection -Share- in a pull down menu 792. Once -Share- is 
selected, child object 709 (-Sample Text-) creates a data 
identification number which identifies portion 7 9 0 of the 
text to child object 709. Child object 709 also causes OMF 
100 to put a link to child object 709 on clipboard 720- 
Child object 709 communicates to OMF 100 through command set 
forth ir. Appendix B , attached hereto-. Child object 709 
also informs OMF 100 what data identification nu.ber is 
associated with the new link between the child 709 and 
clipboard 720. if there is a snapshot associated with the 
link, child 709 will also inform OMF 100 if there is a 
snapshot associated with the link. Snapshots are discussed 
-ore fully below. As a result OMF 100 win make an entry in 
H P OMF . X R F 6 03 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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V S_VIEWCLASS 
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File position in HP0M*.pj»p 

-n.r. a view, 32 ch,rac ter 

;;*t U il data ID i, located. 

' hl3 contains zero if no 
textua! data ro 

?! flne ; ^ tn « child. The 
J°r 0rder bit, of the 

file po 3 i tlon are always 
*ero and are thus not 

indicates which bits are 
Used for bit field. 

Set if the view 

specification has been 
inlti«ii,. d . If CIeap " 

Information in the view 
specification is zero, 
hexadeciaal nuaber 0000 
°0'0 is a mask which 
indicates which bits are 
U3ed for bit field. 

Reserved for future 

rl P J nSl o«' The ^"decimal 
number 0000 0008 ls a mask 
which indicates which bits 
for , M , bi£ 

Specifies the view class 
the child assigned to the 
view. The view class 
<*e.ines what view methods 
are available to the 
Parent. The hexadeciaal 

«hlch indicates which bits 
are used for this bit 
field . 



so 



through a link 67U , 

an. a parent of an object 673 through a 
link 675. Ob<ief A - 3 u 

6,2 has 3 ta « 0^ -12". Link 67U 
reference na oe "!-. 0b , ect fi73 

- wrj n a j a Of "19", 



a 3 a 

Link 
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675 U3 a reference rare "7". Reference names are picked by 
the parent object ar.d need tc be unique for the particular 
parent object; however, other parents may have a link with 
the same reference name provided each reference name is 
unique for each parent. 

Figure 79 shows a block diagram of HPOMF.XBF 603. 
HPOMF.XSF contains an entry for each link between parents 
and children. In HPOMF.XSF 603 column 73 1 contains the tag 
of. the parent for each link. Column 732 contains the tag of 
the child for each link. Coluan 733 contains the reference 
naae for each link. The first three bit positions of coluan 
733, shown in Figure 79 as sufc-coluan 73*, indicate whether 
a view specification file record is present ("110") whether 
no view specification file record follows ("000") or whether 
the link is between is a link from the global parent to a 
global object ( " 100" ) . 

As aay be seen, entry 735 is an entry which describes 
link 67<4 3h0W R in Figure 77. That is, in coluan 73 1 of 
entry 735 there is the parent tag "6-. In column 732 there 
la the child tag -12- and in coluan 733 there is the 
reference name Since object 671 is a folder, there Is 

no view, therefore the three bits within subcoluan 73« would 
be "000". 

Similarly, entry 736 is an entry which describes link 
6 7 5 shown ir. Figure 77. That is, in coluan 731 of entry 736 
there is the parent tag "6". In coluan 732 there is the 
child tag -ic» and in column 733 there is the reference naoe 
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20 



records cannot be identified by the content within a view 
specification file record. HPOMF.XRF la increased in size 
16K bytes at a time. A newly allocated portion of HPOMF.XRF 
is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
li sted in Table 5 : 

Table 5 

ParentTag Contains the tag ( HPOMF .CAT 

record number) of the parent 
object of this link. If this 
field is 0, then this record 
does not define a link and is 
f re e . 

2S ChildTag Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 

jo HPOMF.XRF defines a link. 

* efNane Contains the reference name that 

the parent has assigned to the 
link. This field is neaningless 
if ParentTag or ChildTag is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 



35 



-0 



File records within HPOMF.XRF which are view 
specification file records have the following fields listed 



in Table 5A 



so 



55 
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Table 5A 



Da t a Id 



Sna pa ho t 



Contains the value that the 

ch..d has assigned to identify 

the part of itself that is be< 

viewed through the link. 

Contains the tag ( HPOMF .CAT 
record number) of the object 
«Ji eh is the views snaps'ho , e 
If zero, the view has no 
snapshot. For further 
discussion of snapshots, see 



Misc 



Composed of several 
described below: 



bit fields 



VS_NE WD A T AS ET 



y S_NEVDATA ANNOUNCED 



VS_SNAPSHOTOLD 



VS_WANTMESSACES 



Set if child has told 0M r 
that new data is available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

Set if child has told 0MF 
to announce new data to 
parent , but parent was 
inactive and was not 
notified. The hexadecimal 
number UO00 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the views snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 is * oask which 
indicates which bits are 
used for this bit field. 

Set if child has told OHF 
that it wants to process* 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table U 

is - l IT thu record defines 
an installed class, otherwise 
this record Is free and this 
field is the record nuaber of 
the next Tree record, or "0- if 
there are no more free records. 
If the record is free, none of 
the other fields m the record 
Is aeani ngf ul . 

Module-lleNane sotelft*. >h. 

apeciries the name of the 

application associated with 
objects of this class as a null- 
terminated string. 

properties e„, ( .,.. „ w 

specifies the number of 

Properties, the length of the 
property names and the location 
in HPOMF.PRP of the object's 
Properties. See the description 
of HPOMF.PRP below fop fur iEJ° n 
definition of the structure of 
this field. 

In Figure 75, the relationship of HPOMF.CAT and 
HPOM-.CLS is shown. Within each object entry within 
HPOMF.CAT, the record number, which is an object's tag, 
-rves as an identifier 650 of data files in a mass storage 
»*»ory 170 associated with the object. The field 
-Typ.mci..,. serves as an identifier 6 5 1 of the class entry 
in KPOMF.CLS, which identifies the class of each object. 
Within each class entry in HPOMF.CLS, the. field 
"Modul.FIl.M...- serves as an identifier 652 of the 
application file in mass storage memory i 70 which i, 
associated with the class. 

In Figure 76, the organization of a portion of mass 
-orage memory ,70 is shown. A root directory 660 contains 
:tSrS t0 3n H? " W 3^A directory 66, and HPNWPRCC directory 



PC 
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565. H?MW?ROG directory 568 is the location of storage for 
applications files, represents! by arrows 659. HP N WD A? A 
contains a plurality of HPCKrddd directories, represented by 
directories 662, 663, 66U, 665 and 666. m the HPOMFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOMFddd stands for a three digit, leading 
zeros, hexadecimal number. Each HPOMFddd directory has a 
different "ddd" hexadecimal number. The -ddd- number 
indicates which HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a "ddd" number 
equal to the tag for the object divided by an integer 
number, e.g., fifty f OUP . within each HPOMFddd directory, 
files are stored by tag numbers, e.g. data file names have 
the foraat xxxx xx xx . 1 1 1 , where "xxxxxxxx" is an eight digit 
leading zeros hexadecimal tag, and "111" are a reference 
chosen by the application. 

System file 603, HPOMF.XRF is also referred to as 
SYSXREF. This file is a list of all the links existing in 
the system. It is record oriented, but does not have a 
header record. Each record file is either free, or defines 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called view specification fil records. View specification 
file records can be identified only by a previous record 
which defines an existing data lin*; view specification file 



/ 
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Table 2 

Is " - 1 M if this record defines 
an object, otherwise this recor 
is free and this field is the 
record number of the next free 
record, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meaningful . 

Specifies the class of this 
object. This is the nunber of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 

Specifies if the object is 
global if the bit masked by the 
r.urrber 20 ( h e xa d e c i ma 1 ) is set 
in this byte. In the preferred 
embodiment all other bit 
positions c-'st contain "0" and 
are not used. 

properties Specifies the nuober of 

properties, the length of the 
property names and the location 
in HPCKF.PRP of the object's 
properties. See the description 
of HPCMF.PRP below for further 
definition of the structure of 
this field. 

fastprops Certain object properties, such 

as name, are so heavily accessed 
that they are stored directly In 
this field, rather than 
indirectly ln # the properties 
file. Properties stored in this 
field are called "fast 
p r o p e r t i e s . " 



System file 602, HPOMF.CIS is also referred-to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0, is a header which contains various 



3 t F 



trv 



TypelnClass 



SysCatFlacs 



EP 0 497 022 Al 



signatures (see above) ani is use. to oar.age a list of free 
records. All ether records either define an installed class 
or are free. In the preferred esbodicent HPOMF.CIS can grow 
dynamically, but cannot shrink. 

Each file record in HPOMF.CIS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (the header) contains the 
following fields listed in Table 3: 

Table 3 

lFirst-reeEntry Contains the record number of 

the first free record in 
HPOMF.CLS, or » C •• if there are 
nc free records. 

Fileld Contains tine null terminated 

string "HPOMF.CLS" 

Version Contains the file format version 

number. 

lMaxPecordNumfcer Contains the number of the 

highest record ever allocated 
from within HPOMF.CLS (this 
highest record may or may not be 
free) . 



Table u, 
HPOMF.CLS for 



below, contains the fields for file 
file records other than file record 



records 

0: 



in 
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"""" ~ «••»•*•' '5- sr.... «... 50,. 

»». . ejse «... Pfsn< „ va . ieuj infor „ U5 ^ 

Tl-.y p.-ovi*. inr , ri . tlor . a5=u .. 0 . ject |fijim|i ^ ^ 
...» i3 „ hai ls „ a „ e ef eacft 

»/.*.= „i.. 5 o,- 5 or , r ., ls . ..,.„.„.,, , beut , u „„ 

objects such as what a-ciiea'i^ « 

' pUCa " 15n 13 associated with each 

class of objects, what icon represents objects of a 

particular class and 1* 3 *. e r uha , 

1-3. s of what sesaagea (such as those 

3h 3 wr. in Fig.re 2) can ce processed b y objects of a 
PartiCUl3r ClaS5 ' SySt » 60t.6O7 also contain 

inr ° r = iti3n 350U; UnkS P—r.t and chil d objects 

including a list or parent, and reference „a B es of each lin 
fo. a Parent for each obJec;; a u>t ^ ^ 

reference rases of each link > 0 a , h <,, r „ 

.o a chxld for each object; ar 

mr,,,,,,.,, to e . t . « xchans , acpoaa 

«<i.I.».ll„ ...... fll „ 60U607 cQntjin g(nerji 

Information 3uch a3 „ Sat nuj >re iastall<3 in 

° P,ritUg f " »»• »« 1, m.t.n.., ana „,„ 

-bj.«, *.„ re , u „ £ea aut0 „ atl0 rejtart ^ w ^ 



restarted . 



in th. pr.f.rr.* ..».<!..„. of tBe pr „. nt lnvenUon 

3 y»« a «i. 60, l3 rmt .„, t t3 „ HP0MF . ctT> syate> 

is r,r„ rea t0 a3 „p 0Hr . CLS , 3yst „ ftl< S03 it ptfeppta ^ 

H P OMF . X RF , ru . {ou „ rfr . prea (o m HP OMF . P RP , 

./.«.. fil, 605 u t , a3 „„„,.,„, 3yatea fUe 

i» r !f! rr eJ to „ HF0MF.SDF .« 3y3taa m . 607 ^ 
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t h at a 



•riangle is now display,- be t h in window SOC a,, i ., 

region 7 9 7 of window ^ o ; . 

5'. !».«■ „ .«.„„ », e „ft r - 7S , 0 „ f 

r ' ! " U ' 7 °' "0 ««.«», « on ..... i0 

- rt.ur. 6,, Cllr .. r „, „ usea ,_ 0 j?lect se , ection , sftare 

froo pull iown cenu 7 9 a. r n p« ffu _. <■ , 

.n Figure 63, cursor 78 1 i3 used 

to seie:t a region SC2 of window 70: Tn P , 

'9 • In Figure 6 *4 , cursor 

75i is used to select selection »Pa at .» <> 0B Blll ,' 

-roe pull down menu 

"" ,V S!! *" - " tt!> *»•• ..b, t . 

75? ' al •« «.«.. 79.. In rtjur. 64, 

"New S r. a 0 - " (object 7 i « . * ~ 

eject 75-.) is shewn to have an additional l ink 

770, fro= its parent "Paste Up- (object 707). 

I" Figure 67, region 7 97 has „.„ selected ^ 
"I- Cursor 78, i3 then used to select selection "Cut- f P0 . 
Poll down ee r.u 79*. Th. result, as seen in Figure 68, is 
t*.t region 73, has been reaoved f r0B window 791. In Figure 
69, cursor 78, is used to select selection -Paste- 
down aer.u 78 3 . The result, shown in Figure 70, is an icon 
Tor -«,w Shape-, pointed to b y cursor 78,.. In FlguPe 71 , 
" NSW Shape (0b ^ ct 750) i3 shown to now be a child of 
NewWave Office (object ,00), through a lin* 780. 

In Figure 72, OMF 100 is shown to contain seven systea 
nies: systea file 601, systea file 602, ay ste« file 603, 
3 yste a file 60,, 3y3t e B file 605. syste* file 606 and syste, 
file 607. 0«F interface 599 serve, as interface of OMF to 
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global eject, is , ee5cenie.it or global object. Although 
Figure 7* shows only 3ix global objects, the „ ua5eP cf 
global object operating on a system is a matter of system 
configuration.. Any object in the system can refer to a 
global object by Vising the reference name of the link t 
that global object from the global parent. 

As nay be seen f.-ca Fisu-e - 1 r.i- 

r. a u.e file records in 

HPOMF. CAT are numbered consecut ; »»u T l 

consecutively. These numbers serve 

as tags, which identify each object. 

in the Preferred e=bodi,ent of the present invention, 
each record is 128 bytes i ., length. m. fields for file 
record 0 are listed in Table 1 below: 



"able i 



-...stFree.ntry Contains the record number of 

the first free record in 
H POM- .CAT, or "0" if there are 
no free records. 

Fi 1 e T d 

Contains the null terminated 
string "HPOMF . CAT" . This serves 
as a signature. 

Contains the file format version 
number, which also serves as a 
signature. 

Contains the number of the 
highest record ever allocated 
from within HPOMF. CAT (this 
highest record say or may not be 
free ) . 

Table 2, below, contains the fields for file records in 
HPOMF. CAT for file records other than file record 0: 



Vers! on 



IMaxRecordNumber 
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--s-. .ptio.. of each syste3 f ile ia 

now g i v e r> . 

System file 6 0 l , "po-r r 4 - .■ „ , , 

' CA - ' * s a -» referred to as 

"* IB F:su " "oht.c.t i, ,„..„ 

record oriented. hpom: r a t * 

fc.O... .CAT has a plurality of f iie records 

^ Figure 73, file record 0 through fUe record 8 ^ ^ 

although HPOMF.CAf aav r.««»»i 

-A. =ay con. am B an y D3re file records than 

sre shown in F-'r-j-o 77 - ; , 

r — • - 73. n.e rezori 0 is a header which 

contains ., 6JJ signatures a,d is use. to oa r.age a list 0 r 
r-e file records. A signature is , 0 „ Known value which if 

Present indicates that tie 'n. ia r „. 

t -« is net corrupted. File 

record 1 through f'le r - ,^ fl 

S- r-le re-ord 8 and additional file records 

(not shown) either define an existing obW or ... - 

•© ww w .w Wf or are free. 

"* H^Hr.C.T ... 4r „,. le , 1!y> 

file r.e.rs > „.,!„.. . spe = la , ciMM ^ 

P.-.,,. T». fl0S .l ,. r . nl has . f „. diffarjnt 

° tB « r 06J «". •»< •«/ »• r.' nr ..« „ . . pseu<10 . 
•»J««. r i8ur . T . 3Sov3 „, Iloba , pap>pt to ^ 

or slot,*- object J50 tnro.g, lirlk 260 , 8ls , 6al 0BJect J5 , 

26« ,« el o bll obj.ot 255 thro.g, Unk J65 , „ 3hou „ 
Global obj.et, J50 . S55 ar . a , 3<> „, m „ ^ 

«•».! .bj«t J50 . J55 .., b . . or on< op >ore objMtj 

m hpomf.c.t. E40 „ obJ „ t ln HP0Mf . CAT wBi5h lt not 
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A3 showr. in Figu-e Si t>h« 

i 3 a change both in data 
displayed i n window 79 6 and dan * • 

CM1< 06Ject 705 •«•■«"».. . mnt , 

— ltatlon nuB6sp lsjocuted uitn u ^ ^ ^ 

Identification nunS-r t *■ th. 

X - Parent ob J«et of any of tne 

13 not active, OMF 100 3 et, the bit 

VS_NEW'DATAANN0UNCED f0P that ltnk ln HP0MF .XRF. Wh e„ lh . 
— o bJ .ct i3 activated, th . parent obJect _ ^ 
request the new data. 

. «.»l.M* in rt|t0B 795of „ lndow Afurt|)tr 
<...np«i.. of th . Vlew Sp „ tfleltloB> are founa ia 

*f>P«n<!lxes B, C and a. 

"J«« 7" 1= to wt „ e|! . ld o6Jec; m 
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706 .nc-ir., the Identity or ar.y oth.r detail, about each 
other. T,e parent eject identifies the Iln, U3lng only th . 
reference naae of the llrjlt . T , e chUd obJect ldtntlfl „ ^ 
link using Juft th . , ata testification nuBbep of iiflk> 
OMF 100 dees an the translation and Identification of which 
il r.ks and which objects are Involved. 

System file 60«, HPOHF.PRP, is also referred to as 
SYSP.QP. HPOHF.PRP contains all tne object and class 
Properties except for th. fast object properties which are 
contained In H P OMF .CAT. Each record In system file 601 
(HP0KF.CA7) and system file 6C2 (HPOMF.CLS) has a properties 
fl.ie. as described above. Each properties field contain, 
the fields describe- in Table 6 below: 



Table 6 

Di.-Diskloc Contains the position (byte 

offset) within HPOHF.PRP of the 
property list directory. 

nProps Contains the number of 

properties in the property list. 
This is the number of entries in 
the directory entry array 
described below. 

Poolslze Contains the combined length of 

all the names of the properties 
in the property list, Including 
a null-termlna.ting byte for each 
name. This Is the size of the 
directory name pool described 
below. 



For each object and for each class, at the DlrOiskLoc 
Position i., the HPOHF.PRP file is the property directory for 
that object r that class. The directory has two major 



/ 
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pc.-tior.a: the entrv ar-av ' fl -u u „ w 

- attd /» • o : lowed bv ts* « 9 - « ~ , 

wy cne name pool . The 

enUy arP3y ha9 c « •"try for each property ln th . 

?er ' y ln the Property 

1 i a t *■ - - - 7 



Table 7 



Value L en 



ValueDlakLoc 



CasheOf f st« 



Specific the length in bytes of 

HPOMF.PRP of the value of the 
associated property. if 
ValueLen l3 2er o, thl a is al 30 
" ro - and there Is no value 
stored anywhere. 

This field is only used at run 
ti*e^ t s not .eaningfui in" 



— diately blowing the entry array is the na.e pool 
T., i3 portion of „0H,.„, C0RtaiR3 ^ ^ 

P-Perties in the property list, ir. the sa,e order as the 

— rray. '~Pe r t i es „a y i n cl ud e s u ch t hi ngs as t i 1 1 es , 
user consents, <ia*# an* ► < 

> <!•-• and tl» e of creation, the user who 

created the object • t ~ 

Jec, etc. For nore lnforaation on 

Properties, see Appendix D. 

i. 32 i„ len8th . Th „ e pasea 1MM14ttlr follou the 

'It "P. Th. M ,..p Ia ,„ Jrr>y ef uopdj uiib _ ojt 
.l..tft..n, Mt .r ...„ word U3 . a ftrlt- Thuji ^ 
'»"»•.■. 0 of „. firit wopa of tne blujp contpai ^ 



/ 
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When storage in the first 1 0 2 u pages is insufficient, a 
second bitmap is added to the file following page 102 3 . 
This bitmap controls the allocation of pages 102« through 
20*7, which imxediately follow the second bitmap. 
Additional bit..?, and pages are added in the saoe way, as 



needed . 



Each directory and property value is stored as a single 
block m the file, i.e., as a contiguous run of pages that 
are all allocated in the same bitmap. This causes the 
restriction that no directory or value can exceed 3 2K bytes 
( 1 02*4 times 32) in length. 

System file 605, HPOMF.INS, is also referred to as 
SYSIKSTL. HPOHF.IMS contains a list of the files that were 
copied to the system when each class was Installed. This 
information is used so that these files can be deleted when 
the class is d e-l ns ta 1 1 ed . 

The very beginning of HPOKF.INS Is a double word value 
which serves as a va 1 1 di t y / ve r s 1 on identifier. In the 
preferred embodiment the value of this double word must be 
010U8CO hex to be valid. In Table 8, this number is stored 
as shown because of the protocols for storage In the 
particular processor used by the preferred embodiment, I.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word cooes a series of variable 
length records. There is one record for each installed 
class. The first word of each record Is the length of the 
rest of the record, in bytes. This is followed by the null- 
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terminated c'a<« - . 

c.ass nase or the i n3ta n., „ , a 

c " e file names of t*e rn.. 

t-e files cop:ed to the OMF directories 
Ca;h terminated by a null ovte n 

' ' prese «e< by a byte which 

givej the length of »he *<i. n, 

inClydi «8 the length byte 

,nd the nui l terminator, if th , 

flle " aSe be « in3 "Ith the 

special character t h. r- , 

' * 13 " — < ^ be located m 

the HPNWPROG directory. If th . f .. 

3cecla1 h ^ fUe naB « b ««i" with the 

special character »♦» th- < 1 , 

fU« is assumed to be located in 

the HPHWDATA directory. 

For exarpu, a , 3U8 e two classes a - , 
•A«» an n , c la 33e3 are installed: d a33 

*~ and class "CDr* n 

. ci a33 .„„ cau3ed twe f 

— tailed: ■ 2 - to KPHVrnoc ^ 

HPNWDATA dire^to ^ 
* u cirectory. Class «rnn» 

333 CDE cau »«d 1 file to be 

Installed. - xxx „ Hp 

HPNWPROC directory 668. Given thi 3 

— - ........ »^. :NS f . r tM . 

example: 



Table 8 

offset content 
J CD AB 01 o: F«^ C °s Ba ! nta 

Length of AB record ( 12 
6 *» "2 00 . t U eLatl) 

of leng th byte . 
5 J* 5A 00 -Z- • Mull . 

J? 0 5 2 59 °° ♦ Null 

Length of CDE record ( 10 
1U *3 uii jjc rtn decimal) 

18 0 | * 5 00 "CDE- * Nun 

Length of length byte ♦ "»XXX» 

19 ■>.«.«« *Nuil * A 
9 2A 59 58 53 00 -.XXX" . NuU 
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System File 606, HPOMF.SDF is also referred to as the 
"shutdown file-. HPOMF.SDF exists only when the system has 
been cleanly shut down. It la deleted as the systes starts, 
and created as It shuts down. On startup, if this file is 
missing, OMF assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 
validate and repair the system files as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
lnterven-.ic- . Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the OMF will not allow the system to come up 
in this case . 

If HPOMF.SDF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the systea is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-rero, OMF will execute Its crash recovery code 
ever, though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence ef three byte records. The first two bytes of each 
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/ 



re c o 



contain the tag of the object to be restored. The 
least significant byte is first. The third byte i, not use 
in the preferred embodiment, and is zero. 

Tor example, if the systea i, 3 hut aowa cleanly ln tn 
last session and two objects, having tags of 2 and 7, 
respectively, nave requested restart, the contents of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content comments 

0 00 00 Indicates no crash recovery 

needed 



2 02 00 

u oo 



Tag of first object to restart 

Unused and reserved 

7 °° Ta8 ° f secofid object to restart 

u< - Unused and reserved 



Systea file 7, HP0MFXC0. NVE , is a Microsoft Window, 
dynaaic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a prograa sold by 
Microsoft Corporation, having a business address at 16011 NE 
36th Way, Fedaond , WA 98073-9717. HPCMFICO.NVE also 
contains as -resources" the icons of each installed class. 
0MF modifies HP0MFZC0.NWE directly during run tine, and 
loads and unloads it to get the icon resources from It. The 
foraat of HP0MFIC0.NWE is defined in Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Noraally working with a view (see discussion on vi ew9 
above) causes a child's application to be Invoked. Where 
large applications are involved, this can cause a lot of 
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30 
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unnecessary overhead. The use of snapshot, allow this 
overhead to be eliminated. 

A snapshot ls an object that uses executable code from 
a separate library referred to as a dynamic access library 
(or DAL) rather than using the full application executable 
code. The only data file associated with a snapshot 
contains data which is to be sent fro. a child object to a 
parent object. The code which encapsulates the data file 
although referred to as a dynamic library, i 3 sU ll stored 
in directory HPOMFP ROC (directory 668 ). 

For exaa, P le, Figure 8l shows a parent object 501 linked 
to a child object 502 through a link 50U. Associated with 
linw 50. is a snapshot 50 3 . Once child object has designated 
snapshot 503 in a view specification record for link 50U, 
snapshot 503 is able to provide data fro. child object 502 
to parent 501 without the necessity of invoicing an 
application associated with child object 502. 

As s^.own in Figure 82, when there is no snapshot, child 
object 502 aust be active in order to send view data 522 to 
parent object 501, ln order for parent object 501 to display 
view data 522 in a window display 521. Xa Figure 8 3 , 
however, snapshot 50 3 is shown to provide, view data 522 to 
parent object 501 without the necessity of child 502 being 
active. Further implementation details of snapshots are 
given is Appendix B , Appendix C and Appendix D. 

Appendix A is a list of major data structures within 

OMF 100. 
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Claims 



An object based d.stnouted computer system composing a network of workstations and means for 
transm.rt.ng objects between workstations characterised by objects includ.ng a first object type for 
storing data ana a second object type for presenting data to a user, wherein objects of the second type 
(V-o reference an associated object of the first type <V-s> to enable a plurality of users of workstations 
to access data of the object of !he first type, comprising means for transmuting an object of the second 
type (V-c, between workstations thereby to create a reference to the associated object of the fift type 
iV-s) for each workstation receiving an cbiect of the second type. 

A system according to claim i comons.ng means lor cooy.ng an object of the second type (V-<-, 
cetween workstations. 



EP 0 497 022 A1 



A system according lo claim i or claim 2 herein transmuted obiects of the second type (V-cnciuce 
an identifier <60) for me associated ociect of the first type (V-si. 

A system according tc any preceding C la.m .n the form of a conferencing system comprising means 
enaclmg users of the workstations to participate m a meeting over the network wherein obiects cf the 
first type (V-si store meeting cata and ob,ects of the secono type CV-c) are for present.ng meeting data. 

A method of convening a meet-ng using a system as claimed -n claim 4 comprising transmitting an 
obiect of the seconc tyoe tv-ci between workstations thereby tc create a reference to the as-oated 
ooiect of me first type (V-si for each workstation rece-v.ng an obiect of the second tyoe 
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